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(54) 

(57) The object of the present invention is to provide 
a lithium secondary battery characterized by a high 
power capacity and a long service life. 

The above object can be attained by the present 
invention providing a lithium secondary battery compris- 
ing a negative electrode 3, a positive electrode 2 and 
non-aqueous electrolyte containing lithium salt; said 
lithium secondary battery characterized by further com- 
prising the multiple oxide represented by a general for- 
mula Ux^aMn2.a.bMbQc044<l (where M denotes at least 
one element selected from among Ni, Fe, Co. Cu and 
Cr; Q denotes at least one element selected from 
among C. N, S. P, SI, F, CI. I and Br; and x, a, b, c and d 
are within the range of0^xSl.1,0^a^ 0.5. 0.05 S b 
S 1.0. 0.000001 ^ < 0.05 and 0 S d ^ 0.1 . respectively) 
as positive electrode activator. 
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Description - 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a positive electrode activator used in the lithium secondary battery and a 
lithium secondary battery using said activator. 

[00021 In recent years, the secondary battery is one of the indispensable components as a power supply for per- 
sonal computers and cellular mobile telephones and as a power supply for electric cars and power storage. 
[0003] Portable computers (including pen-based portables) and mobile computing equipment such as portable 

TO information terminals (pereonal digital assistant, personal Intelligent communicator or hand-held communicator) are 
required to provide a compact configuration and nght weight . .. u* 

[0004] However, a high voltage is required because a great amount of power is consumed by the back light of the 
liquid crystal display panel, plotting control and a disk drive motor. Power capacity is currently obtained by increasing 
the number of batteries to be connected in series. For this reason, it is difficult at present to achieve a compact config- 

15 uration and light weight of the system. u 

[0005] Furthermore, electric cars free of emission gas and noise are attracting keen interest as a result of rising 
awareness of the global environmental problem. However, electric cars requires voltage higher than 300 volts. This 
increases the number of batteries to be connected in series, giving rise to such problems as short traveling distance, 
poor acceleration properties, limited in-car space and poor car body stability. 

20 [0006] Of the secondary batteries, especially the lithium secondary battery using non-aqueous electrolyte is 
attracting attention because it is expected to provide high voltage, light weight and high energy density. 
[0007] For example. LixCoOg, etc. disclosed in the Official Gazette of Japanese Patent Laid-Open N0.1 36131/1980 
provides an electromotive force of 3.6 to 3.8 volts or more for Li/Li(+), and is commonly used as a high energy density 
secondary battery positive electrode. 

25 [0008] Furthermore, it is known that spinel based lithium manganate provides a high voltage of 4.6 to 4.7 volts 
when part of manganese is replaced with nickel (Joumal of Electrochemical Society) 1994. Vol.141, R 2.279). 
[0009] The following two batteries are disclosed as lithium secondary batteries made of battery materials providing 
a high voltage in a similar manner; (1 ) a non-aqueous secondary battery made of spinel based lithium manganese mul- 
tiple oxide {Official Gazette of Japanese Patent Laid-Open NO.073962/1 999) represented by general formula LixMn(2. 

30 2)MyCr20(4^p) (where U denotes Ni or Co) and having a potential of 4.5 volts or more for Li/Li (+).and (2) a lithium 
battery made of lithium inserted compound represented by general formula Lix^.yMn(2.y.2)M2Crz04 (where M denotes 
transition metal) and having a potential of 4.5 volts or more for Li/U (+).(0fflcial Gazette of Japanese Patent Laid-Open 
N0.1 47867/1 997). 

[0010] To improve stability at the time of charging and discharge, a lithium secondary battery s proposed in Official 
35 Gazette of Japanese Patent Laid-Open NO. 2501 1 9/1 996 where charcogenlde made up by replacing part of oxygen In 
the conventional metal oxide with a specified amount of a specific charcogen is used as a positive electrode activator 

Instead of conventional metal oxide. 

[001 1] Spinel based lithium manganate formed by replacing part of manganese replaced with nickel, spinel based 
lithium manganese multiple oxide represented by general formula LixMn(2.y.2)MyCr20(4^p) (where M denotes Ni or Co) 

40 and lithium inserted compound represented by general formula U^^ym2-y-z)Mz^hOA (where M denotes transition 
metal) provide the advantage of getting a high voltage of 4.5 to 4.7 volts. This makes it possible to reduce the number 
of batteries connected in series, thereby ensuring a compact configuration and light weight of the system. 
[0012] However, only about 50 cycles of service life can be ensured according to evaluation of an enclosed type 
lithium secondary battery manufactured as a tentative product using these materials as a positive electrode. 

45 [0013] The short cycle service life is attributable to the fact that organic component in electrolyte is easily subjected 
to decomposition at a high voltage and Is turned Into vapor to be stored Into the battery according to the prior art if 
charging and discharging of the enclosed lithium secondary battery are repeated at a high voltage of 4.5 to 4.7 volts. 
The stored gas not only interferes with electrochemical reaction by charging and discharging but also may cause the 
battery cylinder to expand and to explode in the final stage. 

50 [0014] In the similar manner, the organic component is easily subjected to decomposition at a high voltage and is 
turned In to vapor to be stored In the battery easily, when using the electrolyte fomned by dissolving UPFe having a den- 
sity of one mol/l'iter Into the mixed solvent of ethylene carbonate and dimethyl carbonate blended at a ratio of 1 to 2 dis- 
closed in Official Gazette of Japanese Patent Laid-Open NO.073962/1 999, or the electrolyte formed by dissolving UBF4 
having a density of 1 .5 mol into the mixed solvent of ethylene carbonate and diethyl carbonate blended at a ratio of 30 

55 to 70 disclosed In Official Gazette of Japanese Patent Laid-Open N0.147e67/1997. 

[0015] As described above, when charging and discharging of the enclosed lithium secondary battery Is repeated 
at a high voltage according to the prior art, cycle life will exceed 500 cycles. 
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SUMMARY OF THE INVENTION 

[00161 The object of the present Invention is to provide a posftive electrode activatorfor the lithium se=onda^^^^^^ 
t ^lal^um econdaryLeryusingsaid activator. Wherein saidacti^torpro 

Ingres a service life of 500 cycles or more when designed in a enclosed bate^ 

fooiT ^Tpresent inventon relates the Irthium secondary battery characterized in that charging tem..nat.on vott- 
ige 2 the^ngrbattli is greater than 4.6 votts and smaller than 5.2 volU and the average discharge voltage Is 
giaterthanS volts 

r,l A positive electrode activator for the Ifthlum secondary battery composed of non-aqueous «'«j*°^«J";'"^'"9 
n ga^lLtrode. positive electrode and lithium salt; said positive electrode activator for seconda^ bat^eiy char- 
acterized by Inclusion of the multiple oxide represented by a general fomnula Ll,,aMn2.a.bMbQc04«. where M 
SnoTes at feSfone element selected from among Nl. Fe. Co. Cu and Cr; Q denotes at least one element selected 
f rom among C. N. S. P. Si. F. CI. I and Br; and x. a. b. c and d are within the mnge of 0 S x 5 1.1 . 0 S a ^ 0.5. 0.05 

< b ^ 1 0 0 000001 5 c < 0.05 and 0 5 d £ 0.1 . respectively). 

Fa A posnive electrode activator for the lithium secondary battery according to [1] wherein ^^'^ P^!*^^,^^^^'*^ 
StCator comprises (1) the multiple oxide represented by a general fomiula U.^^Mn^ ,M,QeO,«, where M 
eSrs at?eastone iement seleSedfrom among Ni. Fe. Co Cu and Cr. Q «s at east one ^e-nt sele te 
irr.r» arr^nnn p M P Si F C! I and Br and x, a, b, c and d are within the range ofO<x<l.l.o<a< u,d. u.uo 

< b /iTo OOOO^^^^ aOS and 0 < d . 0.1. r^pectively). and (2) the tilting function material where Q has a 
hinhprdensftv on the surface layer than inside the particle. . , 

posiSJ^^teclode activate; forthe lithium seconda^r battery composed of non-aqueous electroljae including 
SqatrrcJodV positive electrode and lithium salt; said posttive electrode activator characterized by inclusion 
rmrprcx-^e'represented by a general fomnula Li,«Mn,..bM,QcO,^ (where M ""^^-^ '^^^^g^'^ 
mentselectedfrom among Ni. Fe. Co. Cu and Cr; Q denotes ^"^f 

Si. F. CI. I and Br; and x. a. b. c and d are within the range of 0 S x S 1.1. 0 S a S 0.5. 0.05 S b S 1.0. 0.000001 < c 

< 0 05 and 0 S d 5 0.1 , respectively). 

[41 A positive electrod; actLtor for the Othlum secondary battery according to [3] wherein said P^f '^'^e elec rode 
actCato further characterized by containing a tilting function material where Q of the "^""f ^^'Jf^^'l^^,^,^^^^^^^ 
density on the surface layer than inside the particle; said multiple oxide being '^P^^^*"'^'!^^ «f "J"^' '^^^^ 
Li Mn, , kMkQ.04«, (where M denotes at least one element selected from among Ni. Fe. Co, Cu and Cr. Q 
il^Stea^rS dement selected from among C. N, S. P. Si. F. CI. I and Br; and x. a. b. c an d are within the 
range of 05x^1. 1.0<a< 0.5. 0.05 ^ b S 1 .0. 0.000001 S c < 0.05 and 0 S d S 0.1 . respectively). 

[00181 Primary particles (of the order of submicrons) and/or secondary particles (aggregate of prinriary Partjcles) of 
laid particles are composed of tilting function materials where the multiple oxide Q has a higher densrty ms.de than on 
the surface layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0019] 

Figure 1 is a schematic diagram representing a sectional view of an example of the structure of lithium secondary 

« ?;u::r;~;rnr^^^^^^^ between the value b of pos.ve electrode actK«tor UMn,. 

«s«?:iSeXrr;«2;n the value c of posit.e e.e.rode actuator 
UMnifiNioAQcO^(Q=F,CI.Si,Br,N)andcyclelife; 

Figure 4 Is a ^art represeniing the relationship between the value c of positive electrode activator 
so UMni fiNin aOcOa^ (Q = F, CI. Si, Br, N) and discharge capacity; 

Figure 5 Is a chart representing the relationship between the value a of positive electrode activator LUs>u aMnt.6. 

between the values c and d of posr.e electrode ac«vator 

55 Figu7^^^^^^^ 

tance d from the particle surface to the particle Interior. 
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DETAILED DESCRIPTION OF THE INVENTION 

100201 The secondary battery of the present Invenflon permits stable charging and discharging at a higher voltage 
tSeconvenLal seLdary battery. Espedally. nprovides ^ 

and tfpi^ng 1^^^^^^^^^ S"mTpresent invention is character.ed In that charging and discharging are per- 
!S at a WgherXe than iJ^the conventional ^^^^ 

stable charqing and discharging in an enclosed battery system at a higher voltage as well. 

foSjl Te rue of X A representing the volume of Li Is changed by charging and d,scharg,ng In other words. 

Srcalalon o7u ion Is caused by charging, and the value of x . a is reduced. Intercalation of Li Ion by d.scharge 

S TrvolJme oaite grtL than 1 .6. an excessive volume of by-products such as lijhium carbonate. lUhlum 
E and I hVum hydroxide will be generated in the process of baking. These substances w I react as a bond when 
^nufe^h. ino Sdes with the result that electrodes cannot be manufactured successfully. To manufacture elec- 

ZefsSsyiTe^lu^^^ 

lo'S? ^'furthermore, it is preferred that Mn be replaced with at least one element selected from among Ni. Fe. Co. 

SoSi* TTiTilu?of ^denoting the volume of M is not changed by charging and discharging, but is within the range 
of 0.05 < b ^ 1 .0. When b is less than 0.05. charging and discharging capacity is low at a high voltage wf o"*** effect 
SMsufficiently utilized, andthis is notp«ferred.Whenbexceeds1.0.agreatamountofby-p^ 
Especially M unable to react any more remains as oxide, with the result that capacity .s reduced This .s not preferred. 
S Q is at least one eler^ent selected from among C. N, S, P. Si. F. CI. I and Br. and the added volume c thereof 
s wlfhin the range of 0.000001 < c < 0.05. If c Is less than 0.000001. the effect of Q is not sufficient y ut.hzed. Thus 
organic component in electrolyte easily subjected to decomposition at a high voltage and .s turned '"^ vap°r t^^^^^^ 
stored into the battery, with the result that battery service fife is reduced. Furthermore, if c exceeds 0.05. resistance 
inside the activator is increased to reduce capacity. This is not prefeaed. ^ , 

[0027] The 'd 'related to the volume of O (oxygen) differs according to the type of -Q' and the added volume 
thereof. When c is within the range of 0.000001 < c < 0.05, d is within the range of 0 S d S 0.1 . 
10028] Furthermore, the positive electrode activator according to the present invention is characterized by contain- 
inq a tilting function material where Q in the multiple oxide expressed by said general fomnula Lix«,Mn2.a.bMbQc044<i 
has a higher density on the surface layer than Inside the particles (including primary and/or secondary 9^^^^^^ 
r00291 The reason is that reaction of decomposition of the organic compound in the electrolyte at a high voltege is 
carried out by the action of catalyst of M which is highly oxidized on the positive electrode surface. So the field of inac- 
tion is limited to the particle surface. Therefore, when the density of Q in the multiple oxide 'f^f''9f ^j^**" "'""j'^ff 
than inside the particles, the effect to reducing decomposition of the organic component in the electrolyte at a high volt- 
age is effectively utilized, thereby ensuring longer service life, .u--— «lf«, 
10030] The main composition inside particles of said positive electrode activator Is expressed by the general for- 
mula U Mn, , kMk0.04«, (where M denotes at least one element selected from among Ni. Fe. Co. Cu and cr; u 
S^ot^s^s?^^^^^^^^^^^ from among C. N. S. P. Si. F. CI. 1 and Br; and x. a. b, c and d are within the range 
ofOSxSl 1 OSaS0.5,0.05S bS 1.0. 0.000001 S c<0.05andOSdS0.1. respectively). 
10031] The production method for said positive electrode material is not restricted in any P^^f "'f ;i"a"ner. It can 
be produced by adding the material containing C. N. S. P. Si. F. CI. I and Br. for example. SIO2. SIS2. UF. LI3PO4. UCI. 
P4S3. P4S7. H3PO4. CS2. CI4. CBr4. tar and the like to other materials, and by baking the positive electrode activator 
at a specified temperature. 1 1 1 Mn 
100321 Furthermore. !t can also be synthesized as follows: A compound expressed by the general fomiuia u^^^wmz. 
\ bMsG. (where M denotes at least one element selected from among NI. Fe. Co. Cu and Cr; andx. a and b are within 
the range of 0 5 1.1. 0 5 a S 0.5. and 0.05 s b s 1.0. respectively) is synthesized in advance, and »s treated in the gas 
phase of CF4. COCIa. COS. NF3. NCI3. NOF. NOC,. NO2F, NO2CI. PFg, PF3. PCIg. POF3. POCI3. HPFe, S1F4. SilHCb 
and the like according to CVD method using radio frequency plasma, etc.. Irradiation of ultraviolet ray. low temperature 
baking In the above^nenttoned atmosphere. Furthermore. It can also be obtaining by dipping said Pos'^^e f lertrode 
activator in the liquid of CCI4. HBr04. BeFg. BrCl. CSg. HNCS. IFg. I2O4. 12O5. HPO2F2. H3PO4. SKC"3)4. SiF(CH3)3. 
SiCl(CH3)3. Sil(CH3)3 and the fike under a specified temperature and by drying It It can also be obtained by adding It 

10033? '*°The negative electrode activator Is not particularly restrtoted. However, the battery of the present Invention 
exhibits excellent characteristics If It contains at least one of low crystalHne carbon ahd high crystalline caibon selected 
from among conductive materials such as graphite, themiafly decomposed graphite, carbon fiber, carbonaceous mate- 
rial of gas phase growth, pitch based carbonaceous material, coke based carbonaceous material, phenol based car- 
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bonaceous material, rayon based carbonaceous material, polyacrylo nitrile based carbonaceous material, glassy 
carbon, carbon black, furfuryl alcohol based carbonaceous material and polyparaphenylene; or the carbon material 
containing a combination of multiple numbers of them. 
10034] The electrolyte Is not particularly restricted. It is possible to use; 

^ (A) mixed solutions between (1) at least one non-aqueous solvent selected from among the groups consisting of 
propylene carbonate, propylene carbonate derivative, ethylene carbonate, butylene carbonate, vinylene carbonate. 
Y-butyl lactone, dimethyl carbonate, diethyl carbonate, methyl ethyl carbonate, 1. 2-dimethoxy ethane, 2-methyltet- 
rahydrofuran. dimethylsulfoxide. 1, 3-dioxolone. formaldehlde. dlmethylformaldehlde. dioxolane. acetonitrile. 

ID nitromethane. methyl formate, methyl acetate, ethyl propionate, methyl propionate, triester phosphate, trimethyl 
phosphate, triethyl phosphate, trimethoxy methane, dioxolane derivative, diethyl ether, 1. 3-propanesultone, su!-. 
folane. 3-methyl-2-oxazolidinone. tetrahydrofran, tetrahydrofran derivative, dioxolane. 1, 2-diethoxyethane, or their 
halides- and (2) lithium salt, for example, at least one salt selected from among LICIO4, LiBF4, UPFe, UCF3SO3. 
LiCFaCFgSOs. LiCFaCOa. LiAsFg. LiSbFe. LIB10CI10. LIAICI4. LICI, LlBr, Ul. lower afiphatic fithium carbonate, chlo- 

15 roborane lithium and lithium quaterphenyl borate; or 

(B) gel-formed electrolyte obtained by mixing (1) these mixture solutions with (2) polymer for example, at least one 
selected from a group consisting of polyacrylonitrile, polyethylene oxide, polyvinylidene fluoride, methyl polymeth- 
acrylate. and hexaphloropropylene. etc. This Is because positive electrode material to control decomposition of 
electrolyte according to the present invention Is used. 

20 

10035] The field of application of a lithium secondary battery according to the present invention characterized by its 
capability of charging and discharging is not particularty restricted. It can be used as power supply for such equipment 
as for example, a notebook personal computer, pen-based personal computer, pocket personal computer, notebook 
word processor, pocket word processor, electronic player, cellular mobile telephone, cordless phone handset, pager. 

25 handy terminal, portable copier, electronic personal organizer, calculator, liquid crystal TV. electric shaver, power tool, 
electronic translating machine, car telephone, transceiver, voice input equipment, memory card, backup power supply, 
tape recorder, radio set. headphone stereo, portable printer, handy cleaner, portable CD, video movie, navigation sys- 
tem. It can also be used as power supply for a refrigerator, air conditioner, TV. stereo set. water heater, microwave oven, 
dish washer, washing machine, drier, game machine, illumination equipment, toy. road conditioner, medical equipment. 

30 car. electric car. golf cart, motor driven cart, power storage system, etc. It can also be used for power supply for space 
activities as well for consumer products. 

10036] If an enclosed lithium secondary battery is charged under the condition that charging termination voltage of 
a single battery is as high as 4.7 volts according to the prior art, the organic component in electrolyte is easily decom- 
posed and turned into vapor to be stored in the battery. This has been a problem of the prior art This problem can be 

35 solved by using the positive electrode material according to the present invention. 

[0037] Spinel based lithium manganate obtained by replacing part of manganese with nickel according to the prior 
art. spinel based lithium manganese multiple oxide expressed by a general formula LixMn(2.y.z)MyCr20(4^p) (where N 
denotes Ni or Co), and the lithium inserted compound expressed by a general fonmula Ux+yMn(2,y.2)M2Cr204 (where M 
denotes transition metal) hardly decompose the organic component in electrolyte In the uncharged state at a low poten- 

40 tial. for example, at 3 to 4 volts. 

[0038] However, in the charged state at high potential, for example, at 4.3 volts or more, the affinity unit of Mn, Ni. 
Cr. CO. and other transition metal is into divalent to trivalent or still higher (tetravalent or more). Said transition metal in 
such highly oxidized state has an extremely high electrocatalyst activity for decomposition on of the organic component 
in electrolyte. So decomposed gas such as CO2. hydrogen, methane, ethane, ethylene and propane is generated. 

45 10039] The authors of the present invention considers that the catalyst effect can be controlled and electrolyte 
decomposition can be reduced to prevent gas from generating, by adding the element acting as catalyst poison or the 
element allowing chemical adsorption to the catalyst active point on a selective basis In order to ensure that said tran- 
sition metal in highly oxidized state does not have high electrocatalyst activity for decomposition on of the organic com- 
ponent In electrolyte. 

so 10040] Based on this way of thinking, the authors of the present invention studied addition of different elements 
ranging over a great number of types. This study has led to the material mentioned In the present Invention. The mate- 
rial with the addition of C, N. S, P, SI, F, 01, 1 and Br Is used as the posftive electrode material according to the present 
invention. 

10041] When the material Is synthesized, these elements allows closely packed film to be formed on the surface of 
S5 the positive electrode, or permits surface adsorption to take place onto the transition metal serving as an active point of 
the catalyst on an selective basis. In addition, th film containing these elements has an effect of catalyst poison which 
reduces the effect of the catalyst 

[0042] . Thus, even when electrolyte.made of LIPFe and LiBF4 dissolyed Into the mixed solvent such as ethylene car- 
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bonate. dimethyl carbonate and diethyl carbonate Is used, eleotrolyte decomposlon can be reduced at a high voltage. 
Therefore, the cycle life of the enclosed battery is considerably prolonged. 

lErribodimentI] 

Totwai To synthesize positive electrode materials of various compositions according to the present Invention 

c^orl^^n^sTtJ^^;^^^^^^^^^^^^ 

Sing been held In air at a tempemture of 630 to 760 degrees Celsius for 20 hours, they are baked 
E held etmZ 960 degrees Celsius for 20 hours. Graphite as a conducting agent and vinyiidene polyfluonde as 
Smaalntaeaddertotheobte^^^ 

fooS ' "^mel'^lee^A of arfrficial graphite as negative electrode material and seven wt.% of vinyiidene polyfluo- 
S binrg aPXepared to get'a Lure agent, which is coated 

Smb] BothpositiveandnegativeelectrodesarerolledandmoldedbyapressandterniinalsarespotweldedThen 
ihpv pre vacuum dried at 150 degrees Celsius for five hours. , . ^ ^ . * 

004^ ™^^^^^ a «chema«c diagram showing a cross sectional view of one example of the battery structure 
according to Imbodiment Positive electrode 2 and negative electrode 3 are laminated through a separator made of 
m 0 ro s polypropylene, and are wound in a colled fom, to be Inserted into four SUS-made battery 
v^ve electrode temtinai 5 is welded to the battery cylinder 4. and the positive electrode temilnal 6 is welded to the 

ImS] BhyJnTcarbonate and diethyl carbonate are mixed at the volume ratio 30:70 as the non-aqueous solvent 

of electrolyte, and 1.5 mol of LiBF4 is dissolved and poured into the battery container 4. .... 

[0M9] -n^e battery cover 7 is mounted on the battery container 4 to fom, a cylindrical battery having a diameter of 

S " Aft^'C beerharged at 1 CmA from 4.6t to 5.19 volts at a constant current, the baUe^y is su^ec^ed 
toToritant voltage chlglng at 4.61 to 5.1 9 volts for three ho^ 

s Sa" ed ?own in a% votts at 1 CmA. After that, discharge capacrty and cycle life are evaluated This experiment 
has confirmed that average discharge voltage is within the range greater than 4.3 volts and jailer than 5^ voHs^ 
100511 Figure 2 is a chart representing the relationship between the value b showing a volume of replaced element 
n the positive electrode activator LiMn2.t.M,So.oi04.o8 (M denotes Ni. Co. Fe. Cu and C,-) a"f <;3charge^^^^^^^^^ 
any of elements Ni. Co. Fe. Cu and Cr. discharge capacity exhibits the maximum value in this experiment when the 
value bis within the range from 0.05 to 1.0. wn n ro 

[0052] Rgure 3 shows the relationship between the value c of the positive electrode activator LiMn,.6NQe04^ (Q 
denotes F. CI. Si. Br and N) and cycle life. . . w «.w.s, 

10053] Furthermore. Figure 4 shows the relationship between the value c of the P°ft'^%f 
LIMn, fiNin .Q.04«. (Q denotes F. CI. Si. Br and N) and discharge capacity, in any of elements F. CI. Si, B and N. the 
cESsf requtiments of bot^ the cycle We and discharge capacity are met when the value c as the volume of ele- 
ments to be added is within the range from 0.000001 to less than 0.05. . , Mn 

100541 Figure 5 shows the relationship between the value a representing the volume of replaced Ui.o, ♦ aMni^ 
Wso.01O4.08 and discharge capacity. Discharge capacity exhibits the maximum value when value a is within the 

[oMq ""^RgSre 6 shows the relationship between the value c and value d of LlMn,.6Nio.4Slc04«i- When value c is 
within the range from 0.000001 to less than 0.05. value d is within the range from 0 to 0.1. 

IEmbodimem2] 

100561 To synthesize the positive electrode material having a composition of UMn,.6Nio.404. UzCOg. MnOz and 
Ni(N03)2 as material is weighed out -Then ethanol Is added to K, and Is mixed by a centrlfugal ball f"''" at a room tem- 
perature for one hour. After having been left to stand In air at 660 degrees Celsius for 20 hours. It Is baked while being 
held at 860 degrees Celsius for 20 hours. ^«„„„fnni 
100571 Any one of CSa. UF. LICI. SiOa. Li3P04 and tar Is weighed out and added to this to get a nriole ration of 0_01 
Then ethanol Is added thereto, and a centrifugal ball mill is used to mix them at a room temperature for one hour. 1 nen 
the resulting mixture is baked while being held In air at 600 degrees Celsius Ibr S hours. 
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rooSSl The positive electrode activator particle of the LiMn,.6Nlo.4Qo.oi04.08 (Q denotes F. CI. Si and S) thus 
Hed is c!^ d'owl TEM-EELS is used to ana^ze the densHy of the element to be added from the part«le surface 

Sr"" It has been revealed that, in each of the added elements, discharge capacity is as high ^;^<^l^°;^l^^^' 
Ke cycJeTe Is as long as 600 cycles. It has also been shown that. In each of them, the average d,scharge voltage 
is greater than 4.3 volts and is smaller than 5.0 volts. 

IS [Embodiment 3] 

rO0621 Similarly to Embodiment 1 . the positive electrode activators (No.1 to No.25) having the composition shown 
!Se 1 are synlsized and used forthe experiment. Also similarly to Embodiment 1 . discharge capacity and cycle 

^ ^0631 '"TS^'cases the average discharge voltage is within the range greater than 4.3 volts and smaller than 5.0 
ISischargS Spacii Is as high as 800 to 960 mAh. and cycle l»e is as long as 600 cycles, exhibtting an extremely 
long service life. 



Table 1 
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Sample 
number 


Composition of Positive electrode 
material 


Discharge capacity 
(mAh) 


Average discharge 


Sen/ice life 
(times) 


1 


L'l .04Mni 26'^'0.3^°0.4Sa01 ^4.01 


970 


4.45 


550 


2 


Li 1 n 1 .26Nio.3C^0.4So.oi O4.01 


980 


4.62 


630 


3 


Li 1 .04Mn 1 .26N'o.3^^o.4So.o 1 04.01 


950 


4.58 


600 


4 


Lii .04Mn 1 .26^^0.3^^0.420.01 04,01 


990 


4.65 


570 


5 


LI1 04^^nV.36N'0.3f^60.2Sa.0lO4.01 


950 


4.73 


560 


6 


□i o4'^rio.96f^^0.3COo.5So.Ol04.01 


910 


4.68 


510 


7 


Lli 04M"0.96f^60.5C'J0.5S0.0lO4.01 


990 


4.69 


520 


8 


Lli .04Mno.96Coo.5Cuo.5So.01 04.01 


930 


4.47 


510 


9 


LI1 o4Mno.96^6o.5Cro.5So.oi04.oi 


910 


4.98 


670 


10 


Lli iMni 57Nio.3Cuo.03So.01O4.01 


810 


4.72 


680 


11 


Lli 1Mn1.57Ni0.3Fe0.03S0.0iO4.0i 


920 


4.64 


640 


12 


Ui.iMn^57Nlo.3COo.o3So.Ol04.01 


820 


4.65 


660 


13 


Ui iMni^Nio.3Cuo.o3So.oi04.01 


910 


4.74 


570 


14 


Ui5Mnij)Nio.iFeo.o2So.oi04.oi 


980 


4.61 


610 


15 


LI1 04Mn1.26NI0.3Oo0.4F0.01O4.01 


840 


4.73 


570 


16 


Lli 04MniJ26Nk).30Uo.4Fo.Ol04.01 


870 


4.35 


550 


17 


Lli .o4Mni.2(BNIo.3Feo.4Fo.oi O4.01 


880 


4.62 


530 


18 


U1.04Mn1.26Nio.3Oro.4Fo.01O4.01 


850 


4.5S 


640 


19 


LI1.04Mn1.36Ni0.4Fea2F0.01O4.01 


890 


4.65 


670 


20 


Li1.04Mno.96Feo.5Coo.5Fo.01O4.01 


650 


4.73 


660 


21 


Ll1.04Mno.96Feo.5Cuo.sFo.01O4.01 


810 


4.78 


600 
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Sample 
number 


Composition of Positive electrode 

material 


Ulscnarge capaciiy 
(mAh) 


/AVCICi^c VJtos*i 16*1 

voltage (V) 


Service life 
(times) 


22 


Ll-j O4ivino 96' ^0.5^"0.5' 0.01^4.01 


890 


4.69 


590 


23 


Llj 04ivinQ,96reQ5OU0,5' 0.01^4.01 


830 


4.77 


710 


24 


11 HJIn^ __KI]<> ^C^lit^ M*sHn n4 

LI"! j\ ivin^ ^ylNiQ.S^'UO.OS* 0.01 ^4.01 


810 


4.58 


670 


25 


Lil iMn^57N!o.3Feo.o3Po.oi04.oi 


610 


4.52 - 


680 


26 


□i iMrit 57Nia3Coo.o3f^o.oi04.oi 


820 


4.44 


740 


27 


Lil 57^10.3^^0.03^0.01^4.01 


820 


4.62 


560 


28 


Li ^ n , .oNio.3C''o.02^o.oi O4.01 


810 


4.71 


670 


29 


Lil cmMhi 36Nio.4Feo.2Po.oi04,02 


880 


4^5 


520 


30 


Lil 04Mni 36Nio.4F^^a2Po.oif^o.oi04.o4 


840 


4.63 


670 



[Reference Example 1] 

[0064] Similarly to Embodiment 1. UMn,.6Mo.404 (M = Ni. Co. Fe. Cu. Cr) is synthesized, and a prototype battery 

loSrsr'' AtierhavingbeenchargedatlCmAataconstantcurrentfrom 4.61 to S.19volts.tlie battery 

4 61 ti 5 19 volts for 3 hours at a constant voltage. Then it is discharged to 4.0 volts at ICmA at a constant current. 

Then the cycle life is evaluated. It has been revealed that the cycle life is as short as 40 to 75 cycles. 

[Embodiment 4] 

[00661 To synthesize a positive electrode material with a composition of LiMn,.6Nio.404. After LijCOa. MnOg and 
Ni(N03)2 as materials are weighed out, ethanol is added thereto, and they are mixed by a centrifugal ball mill at a room 

[006:n'^^"'ThTresultinrmixtur^ is left to stand in air at 660 degrees Celsius for 20 hours, and is then baked while being 
held at 860 degrees Celsius for 20 hours to get an electrode, similarly to Embodiment 1. .... 
[00681 1 5 mol of LiBF4 dissolved into the mixed solvent of ethylene carbonate and diethyl carbonate at a volume 
ratio of 30 to 70 is used as electrolyte. Any one of CSj. LIF. UCl. SiOg. U3PO4 and tar Is weighed out and added to tt>fe 
product at a volume ratio of 0.01%. The resulting solution Is poured into the battery containerto produce abattery. sim- 
ilarly to Embodiment 1. u-»«-.I.Iz.**»«etand 
[00691 After having been charged at 1 CmA from 4.61 to 5.19 volts at a constant current, the battery is left to stand 
at 45 degrees Celsius for ten days. Then discharge capacity and cycle life is evaluated, similarly to Embodiment 1 . It 
has been shown in the experiment that, in all cases, the average discharge voltage is within the range greater than ^3 
volts and smallerthan 5.0 volts. The discharge capacity is as high as 760 to 860 mAh. and the cycle life is as long as 

[OOTW^'^^Thrpresent invention provides a positive electrode material for lithium secondary battery and a lithium sec- 
ondary battery which ensure a high power capacity and a long service life (600 charging and discharging cycles or 
more). 



Claims 

1. A positive electrode activator for the lithium secondary battery composed of non-aqueous electrolyte including neg- 
ative electrode (3), positive electrode (2) and lithium salt; 

said positive electrode activator for secondary batteiy characterized by Inclusion of the multiple oxide repre- 
sented by a general fomiula Li,,aMn2^.bMbQc04«i (where M denotes at least one eleniert selected from 
among Ni. Fe. Co. Cu and Cr; Q denotes at least one element selected from among C. N, S. P, si. P, cu ana 
Br; and x. a. b. c and d are within the range of 0 S x S 1.1. 0 S a S 0.5. 0.05 Sb S 1.0. 0.000001 So < 0.05 and 
0 £ d 2 0.1 . respectively). 

2. A positive electrode activator for the lithium secondary battery according to claim. 1 vvhereln said posifive electrode 
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activator comprises; 



(1) the multiple oxide represented by a general formula LUMn2.a.bMbQc04.d(where M denotes at least one 
"^^^^^^^ from Lng Ni. Fe. Co. Cu and Cr . Q denotes at ^^^f^^^^^^^^ 
5 C. N. S. P. Si. F. CI. I and Br; and x. a. b. c and d are within the range of 0^x^1.1. O^a^ 0.5, 0.05 ^ b ^ 1.0. 

0*000001 Vc< 0 05 and 0 < d < 0.1, respectively), and 

"2) the tilting function material where Q has a higher densrty on the surface layer than inside the particle. 

3. A positive electrode activator for the lithium secondary battery composed of non-aqueous electrolyte including neg- 
10 * ative electrode (3). positive electrode (2). and lithium salt; 

said positive electrode activator characterized by inclusion of the multiple oxide represented by a Seneral for- 
mula Li Mnp . bMbQc04^(wherc M denotes at least one element selected from among Ni. Fe. Co. Cu and 
Cr Q dei^^^^^ on'e element selected from among C. N. S. P. Si. F. CI. I and Br; and x a. b, c and d are 
wUhm the range of 0 < x < 1 .1 . 0 < a . 0.5. 0.05 ^ b < 1 .0. 0.000001 ^ c < 0.05 and 0 ^ d ^ 0.1 . respectively). 

A positive electrode activator for the lithium secondary battery according to claim 3 wherein said P.^fj^^^^^^^^ 
acLtor further characterized by containing a tilting function material where Q of the multiple ox.de has a higher 
density on the surface layer than inside the particle; 

said multiple oxide being represented by a general formula Li,,aMn2.a.bMbQc04^ (where M denotes at least 
one element selected from among Ni, Fe. Co. Cu and Cr; Q denotes at least one d^^^^ 
C. N. S. P, Si. F. CI. I and Br; and x. a. b. c and d are within the range ofOSX^1.1.0<a< 0.5. 0.05 < b < 1.0, 
0.000001 '5 c < 0.05 and 0 < d < 0.1, respectively). 
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FIG. 1 
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FIG. 3 
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FIG. 5 
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(54) Positive eiectrode activator for lithium secondary battery ar,d lithium secondary battery 



(57) The object of the present invention is to provide 
a lithium secondary battery characterized by a high 
power capacity and a long service life. 

The above object can be attained by the present 
Invention providing a lithium secondary battery compris- 
ing a negative electrode 3. a positive electrode 2 and 
non-aqueous electrolyte containing lithium salt; said 
lithium secondary battery characterized by further com- 
prising the multiple oxide represented by a general for- 
mula LI,^aMn2-a.bMbQc04*<J (where M denotes at least 
one element selected from among Nl. Fe, Co, Cu and 
Cr, Q denotes at least one element selected from 
among C, N, S, P. SI. F. CI. 1 and Br; and x. a. b, c and d 
are within the range of 0^x^1.1, 0^a< 0.5. 0.05 S b 
^ 1 .0, 0.000001 ^ c < 0.05 and 0 :S d S 0.1 , respectively) 
as positive electrode activator. 
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0 scripti n . 



BACKGROUND OF THE INVENTION 

[0001] Tlie present invention relates to a positive electrode activator used in the lithium secondary battery and a 
lithium secondary battery using said activator. 

[00021 In recent years, the secondary battery Is one of the Indispensable components as a power supply for per- 
sonal computers and cellular mobile telephones and as a power supply for electric cars and power storage. 
[00031 Portable computers (including pen-based portables) and mobile computing equipment such as portable 
Information terminals (personal digital assistant, personal intelligent communicator or hand-held communicator) are 
required to provide a compact configuration and light weight 

[00041 However, a high voltage is required because a great amount of power Is consumed by the back light of the 
liquid crystal display panel, plotting control and a disk drive motor. Power capacity Is cun^ently obtained by Increasing 
the number of batteries to be connected in series. For this reason, it is difficult at present to achieve a compact config- 
uration and light weight of the system. .... 
[00051 Furthermore, electric cars free of emission gas and noise are attracting keen interest as a result of rising 
awareness of the global environmental problem. However, electric cars requires voltage higher than 300 volts. This 
increases the number of batteries to be connected In series, giving rise to such problems as short traveling distance, 
poor acceleration properties, limited in-car space and poor car body stability. 

[0006] Of the secondary batteries, especially the lithium secondary battery using non-aqueous electrolyte Is 
attracting attention because It is expected to provide high voltage, light weight and high energy density. 
[0007] For example, LlxCoOg, etc. disclosed in the Official Gazette of Japanese Patent Laid-Open N0,1 36131/1 980 
provides an electromotive force of 3.6 to 3.8 volts or more for LIA.1(+). and Is commonly used as a high energy density 

secondary battery positive electrode. 

[0008] Furthermore, it is known that spinel based lithium manganate provides a high voltage of 4.6 to 4.7 volts 
when part of manganese is replaced with nickel (Journal of Electrochemical Society) 1994. Vol.141. P. 2.279). 
[0009] The following two batteries are disclosed as lithium secondary batteries made of battery materials providing 
a high voltage in a similar manner; (1 ) a non-aqueous secondary battery made of spinel based lithium manganese mul- 
tiple oxide (Official Gazette of Japanese Patent Laid-Open NO.073962/1 999) represented by general formula U^Mniz. 
y 2)MyCr30(4^) (where M denotes Ni or Co) and having a potential of 4.5 volts or more for LiA.i (+).and (2) a lithium 
battery made of fithium inserted compound represented by general formula Lix+yMn(2.y.z)M2Cr204 (where M denotes 
transition metal) and having a potential of 4.5 volts or more for Li/U (+) (Official Gazette of Japanese Patent Laid-Open 
NO.147867/1997). . 
[0010] To improve stability at the time of charging and discharge, a lithium secondary battery s proposed in Official 
Gazette of Japanese Patent Laid-Open NO. 2501 1 9/1 996 where charcogenide made up by replacing part of oxygen In 
the conventional metal oxide with a specified amount of a specific charcogen is used as a positive electrode activator 
instead of conventional metal oxide. 

[0011] Spinel based lithium manganate formed by replacing part of manganese replaced with nickel, spinel based 
IHhium manganese multiple oxide represented by general formula Li^Mn(2.y.2)MyCr20(4^p) (where M denotes Ni or Co) 
and lithium inserted compound represented by general fonnula L\j,^yMn{2.y.z)^iCTfi4 (where M denotes transition 
metal) provide the advantage of getting a high voltage of 4.5 to 4.7 volts. This makes it possible to reduce the number 
of batteries connected in series, thereby ensuring a compact configuration and light weight of the system. 
[0012] However, only about 50 cycles of service life can be ensured according to evaluation of an enclosed type 
lithium secondary battery manufactured as a tentative product using these materials as a positive electrode. 
[0013] The short cycle service life is attributable to the fact that organic component In electrolyte is easily subjected 
to decomposition at a high voltage and Is turned Into vapor to be stored into the battery according to the prior art If 
charging and discharging of the enclosed lithium secondary battery are repeated at a high voltage of 4.5 to 4.7 volts. 
The stored gas not only Interferes with electrochemical reaction by charging and discharging but also may cause the 
battery cylinder to expand and to explode In the final stage. 

[0014] In the similar manner, the organic component is easily subjected to decomposition at a high voltage and is 
turned in to vapor to be stored in the battery easily, when using the electrolyte formed by dissolving UPFe having a den- 
sity of one mol/nter Into the mixed solvent of ethylene carbonate and dimethyl carbonate blended at a ratio of 1 to 2 dis- 
closed In Official Gazette of Japanese Patent Laid-Open NO.073962/1 999, orthe electrolyte formed by dissolving LiBF4 
having a density of 1.5 mol Into the mixed solvent of ethylene carbonate and diethyl carbonate blended at a ratio of 30 
to 70 disclosed in Official Gazette of Japanese Patent Laid-Open NO.147867/1 997. 

[0015] As described above, when charging and discharging of the enclosed lithium secondary battery is repeated 
at a high voltage according to the prior art, cycle life will exceed 500 cycles. 
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SUMMARY OFTHE INVENTION 
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ir. i^mwlHp a nosMve electrode activator for the lithium secondary bat- 

negath/e P°^^'^f,f ^^^^^^^ a general formula LWaMn2.a.bMbQc04^ (where M 

acterized by Inclusion of ^t^^ f^^"^^^^^^^^ Z. Cu and Cr; Q denotes at least one element selected 

Stircomprises (1) the multiple oxide -P--ted by a gen^^^^^^^^ 
,enotesatleastone.ements.^^^^^ 

r<To "o OOOOot. c < aOS and 0 < d < 2.1 . r;spectively). and (2) the ti.ng function material where Q has a 
higher density on the surface layer than '^^'"^l^^^^ of non-aqueous electrolyte including 

[3] A positive electrode ,SurS^^ activator characterized by inclusion 

negative electrode, positive electrode and lith urn saft. said Posiwe ei^ 
Of the multiple oxide represented by a general, ^^^^^^^ 

U,Xa.M.Qc04«. (Where Mdenotes^^^^^^^ 

denotes at least one element selected from among C. N. S. P. Sk h ^i. i ana ov, a • • • 
range ofO<x<11.0<a< 0.5. 0.05 S b S 1 .0. 0.000001 < c < 0.05 and 0 < d < 0.1 . respectively). 

the surface layer. 

BRIEF DESCRIPTION OFTHE DRAWINGS 
100191 

'p^r rrrr;"4'.s"iis«p ..^ .... . =. ^ 

'^f'S'^^^^^X'r^'^.-' .H. 0 PCS*. >^ 
^»'^f^ir,.'iSSSri£S ^t.e» «. V*,. c « p.*. e,.«».e ac.»», 

aNlo.4So.01O4.08 and discharge capacity; electrode activator 

Rgure 6 Is a chart representing the relationship between the values c ana a 01 posn 

Rgu";ftfJS^^pTe^^^^^^ 

tance d from the particle surface to the particle interior. 
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DETAILED DESCRIPTION OF THE INVENTION 

100201 The secondary battery of the present invention pennits stable charging and discharging at a higher voltage 
than the conventional secondary battery. Especially. It provides a excellent nthium secondary battery having a charging 
and discharging Irfe of 500 cycles or more. . ^ u . 

r00211 Ihe secondary battery of the present Invention is characterized In that charging and discharging are per- 
tormed at a higher voltage than In the conventional secondary battery, and thee positive electrode nriaterial used allows 
stable charging and discharging In an enclosed battery system at a highervoltage as wren. ..... 

10023 The value of x + a representing the volume of Li Is changed by charging and discharging. In other words, 
delntercaiatlon of LI ton Is caused by charging, and the value of x + a is reduced. Intercalation of Li Ion by discharge 
occurs to increase the value of x + a. ^ ,. u- w . lui.- „ 

10023] If the volume of LI is greaterttian 1 .6. an excessive volume of by-products such as lithium carbonate, lithium 
oxide and lithium hydroxide will be generated in the process of baking. These substances will react as a bond when 
manufacturing electrodes, with the result that electrodes cannot be manufactured successfully. To manufacture elec- 
trodes successfully, the volume of by-products should be as small as possible, and the value of x + a is preferred not to 
excesd 1 6 

[0024] ' Furthermore, it is preferred that Mn be replaced with at least one element selected from among Ni, Fe. Co. 
Cu and Or represented as M. , , 

[0025] The value of b denoting the volume of M is not changed by charging and dischargmg. but is within the range 
of 0 05 < b < 1 0 When b is less than 0.05, charging and discharging capacity is low at a high voltage without the effect 
of M sufficiently utilized, and this is not preferred. When b exceeds 1 .0. a great amount of by-products will be generated. 
Especially M unable to react any more remains as oxide, with the result that capacity is reduced. This is not preferred. 
10026] Q is at least one element selected from among C. N. S, P, Si. F. CI. 1 and Br, and the added volume c thereof 
is within the range of 0.000001 < c < 0.05. If c is less than 0.000001 . the effect of Q is not sufficiently utilized. Thus 
organic component in electrolyte is easily subjected to decomposition at a high voltage and is turned into vapor to be 
stored into the battery, with the result that battery service life is reduced. Furthermore, if c exceeds 0.05, resistance 
Inside the activator is increased to reduce capacity. This is not prefen-ed. 

10027] The -d 'related to the volume of 0 (oxygen) differs according to the type of "Q" and the added volume 
thereof. When c is within the range of 0.000001 ^c< 0.05. d is within the range of 0 < d < 0.1 . 
10028] Furthermore, the positive electrode activator according to the present invention is characterized by contain- 
ing a tilting function material where Q in the multiple oxide expressed by said general formula Lix+aMn2.a.bMbQc04+<l 
has a higher density on the surface layer than inside the particles pncluding primary and/or secondary particles). 
[0029] The reason is that reaction of decomposition of the organic compound in the electrolyte at a high voltage is 
carried out by the action of catalyst of M which is highly oxidized on the positive electrode surface. So the field of reac- 
35 tion is nmited to the particle surface. Therefore, when the density of Q in the multiple oxide is higher on the surface layer 
than inside the particles, the effect to reducing decomposition of the organic component in the electrolyte at a high volt- 
age is effectively utilized, thereby ensuring longer service life. 

[0030] The main composition inside particles of said positive electrode activator is expressed by the general for- 
mula Lix.paMn2 a b^b^PA*<l (where M denotes at least one element selected from among Ni. Fe. Co. Cu and Cr; Q 

40 denotes at least one element selected from among C. N. S. P. Si. F, CI. I and Br; and x. a, b. c and d are within the range 
of0^x<1.1,0^a^ 0.5, 0.05 S b ^ 1 .0. 0.000001 ^ c < 0.05 and 0 ^ d ^ 0.1 . respectively). 
[0031] The production method for said positive electrode material is not restricted in any particular manner. It can 
be produced by adding the material containing C, N, S. P, Si, F. CI, I and Br, for example. SiOg. SiSg, LiF, LI3PO4. LICI, 
P4S3, P4S7, H3PO4, CSg. CI4, CBr*. tar and the like to other materials, and by baking the positive electrode activator 

45 at a specified temperature. 

[0032] Furthermore, it can also be synthesized as follows: A compound expressed by the general fomnula Llx+aMna- 
a bMb04 (where M denotes at least one element selected from among Ni, Fe. Co, Cu and Cr; and x, a and b are within 
the range of 0 ^ 1.1 , 0 ^ a 5 0.5, and 0.05 < b ^ 1 .0, respectively) Is synthesized in advance, and is treated In the gas 
phase of CF4. COCI2, COS. NF3. NCI3, NOF. NOC„ NO2F. NOgCI. PF5. PF3, PCI5. POF3. POCI3, HPFg, SiF4. SiHCb 

so and the like according to CVD method using radio frequency plasma, etc.. irradiation of ultraviolet ray, low temperature 
baking In the above-menlioned atmosphere. Furthenmore, it can also be obtaining by dipping said positive electrode 
activator in the liquid of CC^^, HBr04. BeF3, BrCI, CS2. HNCS, IFs, I2O4. IgOg. HPOgFg, H3PO4, SI(CH3)4. SiF(CH3)3, 
SiCI(CH3)3. SilCCH3)3 and the like under a specified temperature and by drying it It can also be obtained by adding it 
Into electrolyte. 

55 100331 The negative electrode activator Is not partteularly restricted. However, the battery of the present invention 
exhibits excellent characteristics If It contains at least one of low crystalline carbon and high crystalline carbon selected 
from among conductive materials such as graphite, thennally decomposed graphite, carbon fiber, carbonaceous mate- 
. . rial of gas phase growth, pitch based carbonaceous material, cote, based cart)onaceous material, phenol^based car- 
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bonaceous material, rayon based carbonaceous material, polyacrylo nitrile based carbonaceous material, glassy 
carbon, carbon black, furfuryl alcohol based carbonaceous material and polyparaphenylene; or the carbon material 
containing a combination of multiple numbers of them. 
£0034] The electrolyte Is not particularly restricted. It Is possible to use; 

(A) mixed solutions between (1) at least one non-aqueous solvent selected from among the groups consisting of 
propylene carbonate, propylene carbonate derivative, ethylene carbonate, butylene carbonate, vinylene carbonate, 
v-but^l lactone, dimethyl carbonate, diethyl carbonate, methyl ethyl carbonate, 1 . 2-dimethoxy ethane, a-methyltet- 
rahydrofuran dimethylsulfoxide. 1, S-dioxolone. formaldehlde. dimethylformaldehlde. dioxolane. acetonttnle, 
nitromethane' methyl formate, methyl acetate, ethyl propionate, methyl propionate, trlester phosphate, trimethyl 
phosphate triethyl phosphate, trimethoxy methane, dioxolane derivative, diethyl ether. 1. 3-propanesultone. sul- 
folane S-methyl-a-oxazolidinone. tetrahydrofran. tetrahydrof ran derivative, dioxolane. 1 . 2-diethoxyethane. or their 
halides- and (2) lithium salt, for example, at least one salt selected from among LiCI04. LiBF4. LiPFe. L1CF3SO3. 
LiCFaCFgSOa. LiCFaCOa, LlAsFg. LlSbFg. LiBioCho. LiAICU. LiCI. UBr. Lil. lower aliphatic lithium carbonate, chlo- 
roborane lithium and lithium quaterphenyl borate: or , , ^ 

(8) gel'formed electrolyte obtained by mixing (1) these mixture solutions with (2) polymer for example, at least one 
selected from a group consisting of polyacrylonitriie. polyethylene oxide, polyvinylidene fluoride, methyl polymeth- 
acrylate. and hexaphloropropylene, etc. This is because positive electrode material to control decomposition of 
electrolyte acconiing to the present invention is used. 

100351 The field of application of a lithium secondary battery according to the present invention characterized by its 
capability of charging and discharging is not particularly restricted. It can be used as power supply for such equipment 
as for example, a notebook personal computer, pen-based personal computer, pocket personal computer, notebook 
word processor, pocket word processor, electronic player, cellular mobile telephone, cordless phone handset, pager, 
handy terminal portable copier, electronic personal organizer, calculator, liquid crystal TV. electric shaver, power tool, 
electronic translating machine, car telephone, transceiver, voice input equipment, memory card, backup power supply, 
tape recorder, radio set. headphone stereo, portable printer, handy cleaner, portable CD. video movie, navigation sys- 
tem It can also be used as power supply for a refrigerator, air conditioner. TV. stereo set, water heater, microwave oven, 
dish washer, washing machine, drier, game machine, illumination equipment, toy. road conditioner, medical equipment, 
car. electric car. golf cart, motor driven cart, power storage system, etc. It can also be used for power supply for space 
activities as well for consumer products. 

10036] If an enclosed lithium secondary battery is charged under the condition that charging termination voltage of 
a single battery Is as high as 4.7 volts according to the prior art. the organic component in electrolyte is easily decom- 
posed and turned into vapor to be stored in the battery. This has been a problem of the prior art This problem can be 
solved by using the positive electrode material according to the present invention. 

10037] Spinel based lithium manganate obtained by replacing part of manganese with nickel according to the prior 
art, spinel based lithium manganese multiple oxide expressed by a general formula LlxMn(2.y.2)MyCr20(4^p) (where N 
denotes Nl or Co), and the lithium Inserted compound expressed by a general formula Lix^yMn{2.y.2)MzCrz04 (where M 
denotes transition metal) hardly decompose the organic component In electrolyte in the uncharged state at a low poten- 
tiaUor example, at 3 to 4 volts. 

[0038] However, in the charged state at high potential, for example, at 4.3 volts or more, the affinity unit oT Mn, Ni, 
Cr. CO, and other transition metal is into divalent to trivalent or still higher (tetravalent or more). Said transition metal in 
such highly oxidized state has an extremely high electrocatalyst activity for decomposition on of the organic component 
In electrolyte. So decomposed gas such as COg, hydrogen, methane, ethane, ethylene and propane is generated. 
10039] The authors of the present Invention considers that the catalyst effect can be controlled and electrolyte 
decomposition can be reduced to prevent gas from generating, by adding the element acting as catalyst poison or the 
element allowing chemical adsorption to the catalyst active point on a selective basis In order to ensure that said tran- 
sition metal In highly oxidized state does not have high electrocatalyst activity for decomposition on of the organic com- 
ponent In electrolyte. 

[0040] Based on this way of thinking, the authors of the present Invention studied addition of different elements 
ranging over a great number of types. This study has led to the material mentioned In the present Invention. The mate- 
rial with the addition of C, N, S, R Si. F, CI, I and Br is used as the positive electrode material according to the present 
Invention. 

[0041] When the material is synthesized, these elements allows closely packed film to be formed on the surface of 
the positive electrode, r permits surface adsorption to take place onto the transition metal serving as an active point of 
the catalyst on an selective basis. In addition, the film containing these elements has an effect of catalyst poison which 
reduces the effect of the catalyst. 

[0042] Thus, even when electrolyte made of LiPF^ and UBF4 dissolved Into t^^^^^ a? ethylene car- 
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.onate. din,ethy, carbonate and .eth, catenate is use, 

Therefore, thecycle life of the enclosed batte^r is cons.derably prolonged. 

lErrtbodiment 1] 

behg KM a BOO .0 960 degrees Celsius to 

having a thickness of 1 0 Jim. jg^i^, geven wt.% of vinylidene polyfluo- 

S'U Bothposr.eandnegativee.ectrodesarero.ledandmo.dedbyap.ssandten.inalsarespotwe.ded.Then 
they are vacuum dried at 150 degrees Celsius for five houre. ^^^^ ^^^^^^^^^ 

100471 Figure 1 Is a schematic dagram through a separator 1 made of 

according to Embod-.ment Posrtive electrode 2 ^""^ '^f ["^^^^^ SUS-made battery containers. The 

t^r^ll^.Pl.nl'.:.^m.Lr,a«^ 4 » torn,, <,»™*lo« banen, » *e.«e, 

18 mm and a height of 650 mm. . ci t„ «; iq «nit<5 at a constant current, the battery is subjected 

10050] After having been charged at 1 CmA ^/O";^'*-^!^^ 5.19 volts J^^™^^^ discharge and 

0 constant voltage charging at 4.61 to 5.19 volts for three hours Then rt^^^^^^^ 

,s discharged down in 4.0 volts at 1 CnnA After t-^J- '^^^^f ^^^^^ than 5.0 volts, 

has confirmed that average discharge voltage .s wrth.n the ^"9^^ f;',;*"^:^^^^ ™ a volume of replaced element 
100511 Figure 2 is a chart representing the re.^,ons |p be^ en ^he value b « ^ - ,„ 

r:.^e:rnfrc^^^ 

denotes F. C. Si. Brand N) and cyc.e life. Kotw»Pn the value c of the positive electrode activator 

rossrSg-* 6 Shows the relationship between the value c and value d of ,UMnt.Nb.<StO.^- When value c Is 
within the range from 0.000001 to less than 0.05. value d is within the range from 0 to 0.1. 

so [Embodiment 21 

I00S6] To synthesize the positive electrode material having a composition of "Mni.6Nk|^*04. U^^^^^^ 

ss held at 860 degrees Celsius for 20 hours. „H»rtHartt« this to oet a mole ration of 0.01. 

100571 Any one of CSj. UF. LICI. SiO^. LI3PO4 and tar Is w^'ghed out and added to f J^^" ^^^^^^^^^ ^our. Then 
Then ethanol is added thereto, and a centrifugal ball mill Is used to mix them at a room temperature tor 
the resuWng mixture is baked while being heldjn air at 600 degrees. C^^^^^ 
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10060] Slmllart, to Em»»«m=nll , a f-f"^^^?^. Jf^Jte 3 acona»,lvoltt9e.™="lt 
10 evaluated. elements, discharge capacity is as high as 800 to 960 mAh. 

is greater than 4.3 volts and is smaller than 6.0 volts. 
15 [Embodiment 3] 

long service life. 
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Sample 
number 


Composition of Positive electrode 
material 


• Discharge capacity 
(mAh) 


Average discharge 
voltage (V) 


Service life 
(times) 


1 


l-M.04'^"l.26N'0.3C°0.4S0.0lO4.O1 


970 


4!45 


550 


2 


Lh.O4Mn1.26Nio.3CUo.4So.OlO4.OI 


iio 


4!62 


630 


3 


Lii.o4Mnv26Nio.3^®o.4So.oi04.oi 


950 


4!5i 


600 


4 


Lil 04Mni 26Nio.3Cro.4So.01O4.01 


990 


4.65 


570 


5 


Lil .04'^"l.36Nb.3^®0.2So.Ol04.01 


950 


4.73 


560 


6 


Ui,o4Mno.96Feo.3COo,5So.oi04.oi 


910 


4!68 


510 


7 " 


L'l 04Mn096f^60.5CU05S0.0lO4.01 


990 


4ji9 


520 


8 


Lit.04Mno.96coo.5cuo.5so.0104.01 


930 


4.47 


510 


9 


Lil.04Mno.96Feo.5cro.5so.01c4.01 


910 


4.98 


670 


10 


Lli -jMni 57Nio3Cuo.03So.01C4.01 


810 


4,72 


680 


11 


Li 1 .1 Mni ^7Nio.3Feo.o3So.ol 04,01 


920 


4!64 


640 


12 


Lii.iMni^Nio.3Coo.o3So.oi04.oi 


820 


4!65 


660 


13 


Ui.iMni^Nio.3CUo.o3So.oi04.oi 


910 


4.74 


570 


14 


Li1.2Mn1.0Ni0.lFe0.02s0.0lo4.0l 


980 


4.61 


610 


15 


Lil o4Mni.26N'o.3Coo.4Fo.oi04.oi 


840 


4.73 


570 


16 


L1 1 .04M n 1 .26N io.3C u 0.4 F0.01 04.01 


870 


4.35 


550 


17 


Lli.o4Mni^Nio.3Feo.4Fo.oi04.oi 


880 


4.62 


530 


18 


Li1.04Mnl.26Ni0.3cr0.4F0.01o4.01 


850 


4.58 


640 


19 


Lli,o4Mni.36Nlo.4Feo.2Fo.oi04.oi 


890 


4.55 


670 


20 


L11.04Mn0.96Fe0.sco03F0.01o4.01 


850 


4.73 


660 


21 


Li 1 .04Mno.96Feo.sCU05Fo.OlO4.Oi 


810 


4.78 


600 



45 
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Table 1 (continued) 



Sample 
numuci 


Composition of Positive electrode 
material 


piscnarge capacuy 
(mAh) 


m\^\0* ^iwwi 

voltage (V) 


Service life 
(times) 




1 1- ^.MHa nApfi/\ cCUn CI nmO^m 
04 0 96' 0.5 0.*> u.ui ^.ui 


890 


4!69 


590 






830 


4.77 


710 




I \m «Mn« ctNIa oCUn naFn ni04 01 


810 




670 


25 


L'l 1Mn137Nio.3Feo.03Fo.OlO4.Ol 


810 


4.52 


680 


26 


Lii iMnt 57Nio.3Coo.o3f^aoi04.oi 


820 


4.44 


740 


27 


Lii tMnt57Nio.3Cro.o3f^o.oi04.oi 


820 


4.62 


560 


28 


n ^ oNio.3^^0.02'^0.01 04.01 


810 


4.71 


570 


29 


i-'i 04^rii 36Ni0.4P60.2P0.01O4.02 


880 


4!65 


520 


30 


Lii 04^^! 36Ni0.4Feo.2P0.0iP0.01O4.04 


840 


4.63 


670 



[Reference Example 1) 

[00541 Similarly to Embodiment 1. LiMn,.6Mo.404 (M = Ni. Co, Fe. Cu. Cr) is synthesized, and a prototype battery 

iS''''Afterhavingbeenchargedat1CmAataconstant current from4.61to5.19volts. the battery!^ 

4 eTto 5 19 volts (or 3 hours at a constant voltage. Then It is discharged to 4.0 volts at ICmA at a constant current 

Then the cycle life is evaluated. It has been revealed that the cycle life is as short as 40 to 75 cycles. 

[Embodiment 4] 

100651 To synthesize a positive electrode material with a composition of LilVln1.6Nio.4O4. After U^COa. ^"^2 
rgi(N03)2 as materials are weighed out. ethanol is added thereto, and they are mixed by a centnfugal ball mill at a room 

is left to stand in air at 660 degrees Celsius for 20 hours, and is then baked while being 
held at 860 degrees Celsius for 20 hours to get an electrode, similarly to Embodiment 1 . 

r00681 1 5 mol of LiBF4 dissolved into the mixed solvent of ethylene carbonate and diethyl carbonate ^ a volume 
ratio of 30 to 70 is used as electrolyte. Any one of CS2, UF. UCI. SiOz, Li3P04 and tar is weighed out and added 
product at a volume ratio of 0.01%. The resulting solution Is poured Into the battery container to produce a battery, sim- 

Sr ^"^AfterTaving been charged at ICmA from 4.61 to 5.19 volts at a constant current, the battery is left to stand 
at 45 degrees Celsius for ten days. Then discharge capacity and cycle life is evaluated, similarly to Embodiment 1 It 
has been shown in the experiment that. In all cases, the average discharge voltage Is within the ^"f Sre^*^ tha^^^^^ 
volts ai»d smaHerthan 5.0 volts. The discharge capacity Is as high as 760 to 860 mAh. and the cycle life is as long as 

rOOTM^'^^Thrpresent Invention provides a positive electrode material for lithium secondary batteiy and a lithiunri sec- 
ondary battery which ensure a high power capacity and a long service fife (600 charging and discharging cycles or 
more). 

Claims 

1. A positive electrode activatorforthe lithium secondary battery composed of non-aqueous electrolyte Including neg- 
ative electrode (3). positive electrode (2) and lithium salt; 

said positive electrode activatorfor secondary battery characterized by Inclusion of the multiple oxide repre- 
sented by a general formula Ux«Mn2^.bMbQc04«. (where M denotes at least one elernert selected from 
among Ni. Fe. Co. Cu and Cr; Q denotes at least one element selected from among C. N. S, P. si. h ui, 1 ana 
Br; and x. a. b. c and d are within the range of 0 S x S 1 .1 . 0 S a 5 0.5. 0.05 S b S 1 .0, 0.000001 S c < 0.05 and 
0 £ d£ 0.1, respectively). 

.. Z, A positive electrode actlvatpr for the llthlp secondary battery accordlrig to claJrnJ_ wherein sald posWve electrode 
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activator comprises; 

,„ ». odd: reoresenled by a geiural tormula H,„Mnj»^tO.O,^(«l.ere M denotes at least one 
rereS^rnTo',; F^. Cu and C, . ^^^^ 

C N S P.Si F.CI.IandBr.andx.a.b,canddarewithlntherangeofOSxS1.l.osasu.3.u.uosus.i. . 

^tt^^^ta^^^^ 
Aposltive electmdeactivatorforthelfthlumsecondary battery composedof non-aqueous ele^^^^^^ 
ative electrode (3). positive electrode (2), and lithium salt; 

said positive electrode activator characterized by Inclusion of the multiple oxide represented by a general for- 
said P°s'^'VJ , . jg„otes at least one element selected from among Ni. Fe. Co. Cu and 

eiat^e^^^^^^^^ 

wltWnJhe rlnge of 0 . x . 1.1. 0 . a . 0.5. 0.05 . b . 1.0. 0.000001 ^ c < 0.05 and 0 . d . 0.1. respectlveV). 

density on the surface layer than inside the particle; 

said multiple oxide being represented by a general formula U,^,m,,,.,^,Ofi,^ (where M ^enotes a^^^^^^^^ 
Tne Iment selected from among Ni. Fe. Co. Cu and Cr;Q denotes ^^^f^^^^^^^^^ 

C. N. S. P. Si. F. CI. I and Br; and x. a. b. c and d are within the range of 0 < x S 1 .1 . 0 < a < 0.5. 0.05 . D . i .u. 
0.000001 5 c < 0.05 and 0 < d < 0.1 , respectively). 
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FIG. 1 




VALUE OF b IN LiMn 24, Mj, S^oi 04,08 



10 



I 



EP1 093172A1 



FIG. 3 



0) 
UJ 



lU 



LU 

o 




10-2 10° 
VALUE OF c IN LiMn ^ q Ni 0.4 Qc 04+d 

FIG. 4 





1200 






JZ 

< 


1000 - 


E 






800 










0. 




< 
0 


600 - 


LU 












< 

X 


400 ■ 


0 




CO 




0 


200 




0 




10-8 10-6 10-4 10- 

VALUE OF c IN UMn i.© Ni 0.4 Qc ^A+H 



11 



EP 1093 172 A1 




FIG. 6 

0.3 1 



•o 




10-8 10-6 10-^ 10-2 10° 

VALUE OF c IN UMn ,.6 Nio.4 Sic04+d 



12 



I 



EP 1093 172 A1 



UJ 

Z 
UJ 
UJ 

o 

UJ 

a. 



I 

C 

S 



FIG. 7(a) 



100 




Q 


80 






60 






40 






20 




, ■^■■JiTFi^iirifi-WF^aw 



0.001 



0.01 



0.1 1 10 

DISTANCE FROM PARTIVCLE SURFACE d 



FIG. 7(b) 

CEROSS SECTIONAL VIEW PARTICLE 




13 



I 



EP1 093172A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Applledlen Numbw 

EP 00 12 1347 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Calsgory 



Citation oJ document wdh Indication, where appropriate, 
ot relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
AFPLICATION (llltCl.T) 



US 5 783 333 A (MAYER STEVEN T) 
21 July 1998 (1998-07-21) 

♦ claims 1-12 * 

EP 0 696 075 A (SEIKO IKSTR INC) 
7 February 1996 (1996-02-07) 

* claims 1-6 * 



1-4 



1-4 



H01M4/50 
H01H4/48 
H01H4/52 



TECHNICAL RELOS 
SEARCHED pntCI.7) 



HOIM 



Tbe present search repon has been drawn up lor at claims 



THE HAGUE 



Dri« of Pomplttion d tw Mtitft 

29 January 2001 



Battlstig, n 



CATEGORY OF CrTED DOCUMENTS 

Y : panicutafly relevwit H combined wOh another 

document oV the same category 
A : lecnnotogical background 
O : noo-wdtien dsclowm 
p : intennedlaSe document 



T : theory or prindpto undeilylng the kwertlon 
E : aartierpaient document, but pubOehed on, or 

after the Mng date 
O : document clad hlhe applcBitan 
L: document dad lor olhar IT 



&: member of the tame patent ran«y. oofiespondlng 



14 



EP1 093172A1 

•I 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 12 1347 



This annet nsis ihe patent famny membersrelallnfl to the patent documents dted In the above-mentioned European search report. 
{SlSJrr^^l.S.'SS^'n'''^^^^^ 

29-01-2001 



Patent document 
died In cearch report 



Publication 
date 



Patent ianilly 
member(s) 



PubncaHon 
date 



US 5783333 



EP 0696075 



21-07-1998 



WO 
US 



9824131 A 
6007947 A 



07-02-1996 



JP 
DE 
DE 



8213052 
69514437 
69514437 
JP 2000294244 

JP 2000294245 
2000306583 
5620812 



JP 
US 



04-06-1998 
28-12-1999 



20-08-1996 
17-02-2000 
24-08-2000 
20-10-2000 
20-10-2000 
02-11-2000 
15-04-1997 



£ For more detail t about tNs annex : tee OMdai Journal of the Einpeart Patant OffiM, No. 12/82 



IS 



